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Related Application 

The present invention is based on and claims priority from U.S. 
Provisional Patent Application Serial No. 60/433,429 filed on December 13, 2002 
and entitled METHOD AND APPARATUS FOR MEASURING OBJECT 
THICKNESS, which is incorporated by reference in its entirety hereby. 

Background of the Invention 
Field of the Invention 

Tlie present invention relates generally to devices for measuring the 
thickness of objects and, more particularly, to devices having eddy current 
seiisors for measuring thickness. 

Description of Related Art 

Eddy current sensors are non-contact measurement devices used for 
measuring the thickness of conductive objects. Briefly, an eddy current sensor 
includes a sensor coil, which when driven by an AC current, generates an 
oscillating magnetic field that induces an eddy current in the surface of a nearby 

conductive object: "The eddy current is dependent - 

magnetic B-field created by the AC current and the impedance of the object, 
which is related to the thickness of the object and the resistivity of the object. 
The thickness of the object can be determined based on the known resistivity of 
the object and the measured eddy current or impedance. 
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In semiconductor manufacturing, one common use of eddy current 
sensors is for measuring the thickness of a conductive layer (such as, e.g., a 
copper layer) deposited on a wafer substrate. Eddy current sensors are used for 
determining the thickness of a conductive layer at various sampling locations on 
the wafer. In many cases, it is important to have a generally uniform conductive 
layer thickness to avoid problems in subsequent processing such as etching. It 
is accordingly important to be able to accurately determine the thickness of 
conductive layers so that corrective action can be taken, if needed, to obtain a 
desired thickness. Alternatively, the wafer can be scrapped to avoid the 
imnecessary expense of hirther processing. 

Currently avaUable eddy current sensor devices for measuring the 
thickness of conductive layers on wafers are generally very slow. Tltese devices 
can also be very sensitive to inadvertent movement of the object relative to the 
eddy current sensors and, accordingly, often have complex and costly position 
control mechanisms in an attempt to provide a generaUy uniform distance 
between the sensor and the wafer. 
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Brief Summary of Embodiments of the Invention 

Methods and apparatus are provided for measuring the thickness of a 
test object such as, e.g., a portion of a conductive layer deposited on a wafer 
substrate. An apparatus in accordance with one or more embodiments of the 
invention includes an eddy current sensor having first and second sensor heads. 
The sensor heads are positioned to have a predetermined gap therebetween for 
passage by at least a portion of the test object through the gap. The sensor heads 
make measurements at given sampling locations on the test object while the test 
object is moved through the gap. The apparatus also includes a position sensing 
mechanism to determine positions of the sampling locations on the test object. 
The apparatus also includes an evaluation circuit in communication with tine 
eddy current sensor and with the position sensing mechanism for determining 
ti.e thickness of tiie test object at the sampling locations. The apparatiis can also 
include a mechanism for moving tiie test object through the gap while tiie 
measvirements are made. 

In accordance witii one or more embodiments of tiie invention, tiie 
apparatus also includes a displacement sensor for detecting any displacement of 
the test object in a direction generally extending between tiie first and second 
sensor heads. The displacement sensor is in communication witti tiie evaluation 
circuit, which adjusts the measurements of the sensor heads to compensate for 
any detected displacement of the test object. 

A method in accordance witii one or more embodiments of tiie invention 
includes making measurements at sampling locations on tiie test object using 
first and second eddy current sensor heads positioned on opposite sides of ttie 
test object. The metiiod also includes determining the positions of tiie sampling 
locations on ttie test object, and calculating the thickness of the test object at tiie 
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sampling locations. The test object is moved relative to the sensor heads while 
making the measurements. 

In accordance with one or more embodiments of the invention, the 
method also includes the step of detecting any displacement of the test object in 
a direction generally extending between the first and second sensor heads. The 
measurements can then be adjusted to compensate for any detected 
displacement of the test object. 

These and other features will become readily apparent from the 
following detaUed description wherein embodiments of the invention are 
shown and described by way of illustration. As will be realized, the invention is 
capable of other and different embodiments and its several details may be 
capable of modifications in various respects, aU without departing firom the 
invention. Accordingly, the drawings and description are to be regarded as 
aiustrative in natiire and not in a restiictive or limiting sense. 
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Brief Description of the Drawings 

FIGURE 1 is a schematic diagram of a representative eddy current sensor 

head; 

FIGURE 2 is a block diagram of an apparatus for measuring the thidaiess 
of an object in accordance with one or more embodirhents of the invention; 

HGURE 3 is a perspective view of certain components of the FIGURE,! 
apparatus; 

HGURE 4 is a schematic iUustration of representative flux lines of a 
single eddy current sensor in accordance with the prior art; 

FIGURE 5 is a schematic illustration of representative flux lines of the 
dual eddy current sensor heads of the HGURE 2 apparatus; 

FIGURE 6 is a graph illustrating the reduced sensitivity of an apparatus 
in accordance with one or more embodiments of the invention to changes in the 
distance between the test object and the eddy current sensor heads; 

FIGURE 7 is a graph aiustrating representative values for distance 
compensation factors in accordance with one or more embodiments of the 
invention; and ^ 

HGURE 8 is a flow chart illustrating a process for measuring the 
thickness of an object in accordance with one or more embodiments of the 
invention. 
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Detailed Description of Preferred Embodiments 

The present invention is generally directed to an on-the-fly eddy current 
sensor device for rapidly and accurately determining the thickness of a test 
object at various sampling locations on the object. Briefly, the device includes 
an eddy oirfent sensor having two opposed heads that are spaced apart by a 
. predetermined gap! During use, a portion of the test object is moved through 
the gap, and the thickness of the test object is determined at various sampling 
locations on the test object while the test object is being moved. The device also 
includes a set of position sensors, which can be used to determine the position 
of the sampling locations relative to the test object when measurements are 
made. 

Using two eddy current sensor heads on opposite sides of the test object 
improves the accuracy of measuremerite because the device is significantly less 
sensitive to inadvertent movement dr vibration of a given sampling location 
toward or away from the sensor heads resulting from passage of the test object 
through the gap. The measurements can be made on-the-fly, allowing multiple 
sampling locations to be quickly measured. 

One or more embodiments of the present invention contemplate the 
inclusion of a Z-position displacement sensor to determine the distance between 
the test object and the sensor heads in order to determine any distance related 
compensation factor to be appUed to the raw data to compensate for distance 
and vibration effects to even further improve measurement accuracy. 

HGURE 1 schematically illustrates a representative eddy current sensor 
head 10 that can be used in a thickness measurement device in accordance with 
various embodiments of the invention. The eddy current sensor head 10 
includes a pot core 12 and a coil 14. By way of example, the core 12 can be a 
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spUtferrite pot core. The core 12 can, e.g., have a diameter of about 9 mm and a 
height of about 4 mm. Cores having other configurations and sizes can also be 
used. By way of example, the coU 14 can comprise 26-32 gauge wire and have 
about 10-30 turns. Other wire sizes and coil configurations can also be used. 

5 The sensor coU 14, when driven by an AC current, generates an : ' 

oscillating magnetic field that iiiduces an eddy current in the surface of the test : 

object! The eddy current is dependent on the strength of themagnetic B-field 
created by the AC current and the impedance of the object, which is related to 
the thickness of the object and the resistivity of the object. The thickness of the 
10 object can accordingly be determined based on the known resistivity of the 
object and the eddy current detected by the sensor coil. 

Other types of eddy current sensor heads can also be used. These 
include, e.g., sensor heads with two coils, in which a primary coil is driven by 
an AC current and generates an osdUating magnetic field, and a secondary 
15 pickup coU receives a responsive signal firom the test object. 

FIGURE 2 is a representative block diagram of an apparatiis 20 for 
measuring the thickness of a test object in accordance with one or more 
embodiments of the invention. FIGURE 3 is a perspective view of some 
elements of the apparatiis 20 . Referring now to HGURES 2 and 3, the 

20 apparatiis 20 includes an eddy current sensor, which has two sensor heads 24, 
26 that can be connected in either a serial or parallel circuit. The sensor heads 
24, 26 are mounted on respective brackets 28 such that tiiey are spaced a 
predetermined distance from each other, forming a gate or gap therebetween. 
The gate distance can be varied depending on the size of the test object being 

25 measured. A typical range for use, e.g., in semiconductor manufactiiring for 
measuring the tixickness of layers deposited on wafers can be between about 2-6 
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mm. Such a range has been found to provide suitable spot size, signal strength 
and handling reliabiUty in typical semiconductor processing appUcations. 

The eddy current sensor heads 24, 26 can be connected to a sensor board 
circuit 30, which generates the AC current for driving the sensor heads 24, 26 
5 and which receives a pickup eddy current signal from the sensor heads 24, 26 
indicative of the test object thickness. The pickup eddy current signal with 
voltage form is transmitted to a controller 32, which can include an analog to 
digital converter for converting the pickup signal to a digital signal for 
processing as will be described below. 

10 The AC current used to drive the coils can vary. By way of example, the 

drivingcurrentcanbeatfrequenciesbetweenabout300kHzand5MHz. Other 

current values are also possible. 

The device 20 also includes an array of position sensors 34, which detect 
the position of the test object 22 as it is moved through the gap between the 

15 eddy current sensor heads 24, 26. The position sensors 34 are connected to the 
controller 32, which can determine the sampling locations on the test object 22 
when thickness measurements are made. One example of a position sensor that 
can be used in the array is an optical sensor such as a through-beam type sensor. 
Examples of suitable position sensors include the model EX-11 sensor 

20 commercially available from SUNX of Japan. 

To hirther increase measurement accuracy, one or more embodiments of 
the present invention contemplate the inclusion of a Z-position sensor 36 to 
measure the distance between the test object 22 and the sensor heads 24, 26 in 
order to determine any distance related compensation factor that can be appUed 
25 to the raw data to compensate for distance and vibration effects. One example 
of a suitable Z-position sensor is a laser distance sensor. An example of such a 
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sensor is the model XZ-30V sensor commerciaUy avaUable from OMRON of 
Japan. 

The controller 32 computes the thickness of the test object 22 at the 
various sampling locations based on respective readings from the sensors. A 
representative controller 32 can include an analog to digital converter, a PLC 
(Programmable Logic Control) and a PC (personal computer). The analog to 
digital converter converts analog signals from the eddy current sensor and the 
Z-position sensor to digital form for processing. The PLC receives sensing 
signals from the sensors and performs data logging or coUection functions. The 
PC receives data from the PLC and performs measurement and compensation 
calculations. The measurement results can be output to an output device 33 
such as, e.g., a computer display or printer. 

Various known methods can be used for computing the thickness of the 
test object from the eddy current sensor readings. For example, one such known 
method uses empirical data of eddy current sensor readings taken of particular 
test objects having known thicknesses to generate sensor reading caHbration 
curves. In use of the device, eddy current sensor readings can be mapped to the 
calibration curves to determine the thickness of measured test objects. 

By way of example, operation of the device 20 is now described for 
determining the thickness of a conductive layer on a wafer substrate 22. The 
wafer 22 is positioned on an end effector 38 connected to a robotic arm. The 
robotic arm is then actuated to move the wafer through the gate formed by the 
pair of eddy current sensor heads 24, 26. As the wafer 22 moves through the 
gate, it passes the array of position sensors 34, which are successively tripped or 
actuated by the leading edge of the wafer 22. A sensing routine is triggered 
when the wafer 22 passes the first position sensor 34. The sensing routine can 
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include the eddy current sensor taking periodic thickness readings (e.g., at a 
sampling rate of 1,000 readings/second), and the position sensors 34 detecting 
when the wafer edge passes each successive sensor to determine the velocity of 
the wafer. Using this information, the controller 32 can determine the measured 
thickness at each sampling location and the position of each sampling location 
on the wafer. In this manner, thickness measurements can be taken along a 
given line extending across the wafer. Measurements along different lines 
across the wafer can be taken, if desired, by rotating the wafer to a desired 
position and then moving it through the device 20 while making measurements. 

The device preferably makes measurements on-the-fly, i.e., while the 
wafer is being moved through the gap between the sensor heads, ffigh 
sampling rates are possible, allowing the wafer thickness to be quickly 
measured. For example, and in accordance with one or more embodiments of 
the invention, a wafer having a diameter of about 300 mm can be measured in 
about two seconds, at about 2,000 sampling points. Other sampling rates can 
also be used. 

By using two eddy current sensor heads on opposite sides of the test 
object, inadvertent movement of a given sampling location toward or away 
from the sensor heads (resulting from movement of the test object through the 
gap) does not significantly affect the measurement. Accordingly, more accurate 
measurements can be made at each sampling location. Also, the need for 
extensive positioning control mechanisms is avoided, and the measurements 
can be made more quickly. The sensor readings can be continually made as the 
test object moves through the gap between the eddy current sensor heads. 

By making quick and accurate measurements of the thickness of the 
conductive layer on the wafer, corrective action can be taken, if needed, to 
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obtain a desired thickness. For example, if a generally uniform thickness is 
desired and the measurements indicate that the thickness is not sufficiently 
uniform, the wafer can be subjected to selective chemical mechanical polishing 
or other processes to obtain the desired uniform thickness. 

FIGURE 4 illustrates a representative set of flux lines generated by a 
single eddy current sensor 50 as used in prior art thickness measurement 
devices. The eddy current sensor generates a pattern of magnetic flux lines. 
The test object intersects a plurality of the flux lines at a given spacing from the 
eddy current sensor. If the test object 22 is inadvertently moved toward or away 
from the eddy current sensor, the number of flux lines intersected by the test 
object can change significantiy even for small movements of the test object. As 
the number of flux lines intersected by the test object changes, so does the 
measurement reading of the eddy current sensor, reducing its accuracy. 

nCURE 5 illustrates a representative set of flux lines generated by the 
dual eddy current sensor heads 24, 26 used in devices 20 in accordance with the 
various embodiments described above. As shown, the test object 22 can be 
moved toward or away from respective sensor heads 24, 26 with a significantly 
reduced change in the number of flux lines intersected. Accordingly, the device 
has reduced sensitivity to variations in distance between the test object and the 
eddy current sensor heads. 

nCURE 6 illustrates an example of the differences in sensitivity to 
distance variations measured for two devices 24, 26, one having a single eddy 
current sensor head and the other having dual eddy current sensor heads. The 
dimensions shown in FIGURE 6 for tiie size of ti\e sensors are provided by way 
of example only. These dimensions can vary depending on the particular 
application. 
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To even further increase accuracy of thickness measurements, the Z-axis 
sensor can be used to compensate for inadvertent movement of the test object in 
a direction between the sensor heads. The Z-axis sensor 36 can detect the 
distance between the test object 22 and the eddy current sensor 24, 26 heads to 
determine a distance related compensation factor to be applied to the raw data 
generated by the sensors to compensate for distance and vibration effects. 
FIGURE 7 is a graph illustrating representative compensation values that can be 
selected based on the distance moved by the test object relative to the sensor 
heads. The values in the graph were empirically determined, and can vary 
based on the device used and the object being measured. 

FIGURE 8 is a flow chart generally illustrating a process for measuring 
the thickness of a test object in accordance with one or more embodiments of the 
invention. At step 100> a thickness measurement of the test object is made at a 
sampling location on the test object using first and second eddy current sensor 
heads positioned on opposite sides of the test object while moving the test object 
past the eddy current sensor heads. At step 110, the position of the sampling 
location on the test object is determined. At step 120, any displacement of the 
test object in a direction generally extending between the first and second sensor 
heads is detected. At step 130, the thickness of the test object at the sampling 
location is calculated and adjusted, if needed, to compensate for any detected 
displacement of the test object. 

Having described preferred embodiments of the present invention, it 
should be apparent that modifications can be made without departing from the 
spirit and scope of the invention. 
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